Introduction: Why Design Coherent Calculus?
Over the past six years, STEM enrollment at Boise State University grew from 2,421 to 3,778, representing more than half of the university's undergraduate enrollment growth over that time. This growth exposed three major problems that had been lurking in the Calculus sequence.
First, there was a lack of alignment of content, despite the presence of a guiding master syllabus and a common textbook. Second, there was a lack of alignment in terms of assessment. Pass rates varied widely from instructor to instructor, creating a strong sense in the minds of students and faculty in other departments that success in calculus was dependent on luck of enrollment: "Who you took" mattered more than "What you learned." Third, the average pass rates were quite low. As a reference point, the average pass rate across the 2005-2006 academic year for Calculus I was approximately 51%. 1 Calculus I at Boise State University serves a wide range of students. For most, the course is a gateway requirement for their degree. Much of the content in the typical Calculus I offering was selected and focused toward mathematicians, rather than selected for relevance to the study of engineering or science. Too often, and for too many, Calculus functioned as an artificial barrier to progress, resulting in dissatisfaction among constituent departments and their students. These are not unique to Boise State University. Calculus as a barrier and its apparent lack of relevance are well known and longstanding problems. Potential solutions have been identified at many other institutions. Our efforts at reform were heavily influenced by a successful first-year engineering program at Wright State University 2 and informed by research summarized by Bressoud, et. al. 3 Boise State University's efforts have been successful because we identified and capitalized on two important sources of momentum: 1) efforts to reframe calculus content and 2) faculty development supporting calculus instructors. In 2010 we were awarded a National Science Foundation Science Talent Expansion Program grant, specifically aimed at increasing STEM graduates by improving first-time, full-time student retention. One of the elements of the project was the support of three, year-long, STEM-specific faculty learning communities (FLCs) (e.g. see Cox, 2001) . 4 Based on interest from numerous math faculty, coupled with Calculus I leadership by one of the co-PIs on the grant, the latter two FLCs became exclusively focused on Calculus. These FLCs were connected to work done by one calculus instructor to reframe his calculus content toward that needed by future engineers and scientists. Introduction to Engineering, had an engineering faculty member sit in on his calculus course, 5 participated heavily in developing ways for students to prepare themselves through on-line approaches and more. A revised Calculus I course emerged over time, with content reshaped to adhere to these principles: -Whenever possible, students work with data sets and/or continuous models selected from actual physical, biological, financial or other applied models. -Whenever possible, Calculus concepts are introduced and motivated by application to these models and data sets. -Whenever possible, content is presented using notation, language and conventions of the disciplines from which the models are taken. -As much as possible, content will be relevant, recognizable, and applicable in subsequent STEM coursework. -All content will be accessible from an intuitive or practical viewpoint. In particular, the level of abstraction will be significantly less than typically found in Calculus I.
This approach stands in contrast to traditional calculus which is more abstract, more devoted to a formally rigorous foundation based on limits and continuity, and lightly dusted with applications. Thematically the revised Calculus I class is focused on three outcomes:
-Develop geometric and physical intuition for derivatives and integrals.
-Master the standard rules for symbolic computation of derivatives and some basic integrals. -Apply both intuitive understanding and rules mastery to solve problems.
As the Calculus I faculty leader was reshaping the content he was also moving to a more activelearning pedagogy. The course design that eventually emerged had the following features:
-Many short homework assignments with immediate computer driven feedback/assessment, typically due on a two-day cycle. -Each assignment designed along learning cycle principles to target one or two specific learning goals. -The vast majority of class time devoted to students working in small groups on these homework assignments. -In-class work facilitated by lead instructor and peer learning assistant. -Additional and more involved weekly work with written feedback.
The redesigned course was effective, but it was only one section of approximately a dozen taught each semester. Its impact on student success was therefore muted, and, because it was limited to a single faculty member, any benefits were not institutionalized.
In parallel with this focus on calculus content, we had begun engaging STEM faculty to consider course design and evidence based instructional practices. This engagement was done primarily through a faculty learning communities (FLCs) strategy. An FLC is a type of community of practice in which a group of 8-10 faculty "engage in an active, collaborative, yearlong program with a curriculum about enhancing teaching and learning and with frequent seminars and activities that provide learning, development, the scholarship of teaching, and community building." 4, p. 8 As described in the literature, these groups generally draw faculty from multiple disciplines. The underlying logic of using an FLC to promote faculty change is that "undergraduate instruction will be changed by groups of instructors who support and sustain each other's interest, learning, and reflection on their teaching." 6 Indeed, studies have shown that faculty participation in FLCs increases interest in the teaching process, enhances understanding and influence of the scholarship of teaching and learning, increases reflective practice, and promotes exploration of new teaching strategies. [7] [8] [9] [10] [11] [12] [13] The Center for Teaching and Learning at Boise State University has had an FLC program since 2007. With the 2010 STEP grant funding, one STEM-focused FLC was launched in the 2010-2011 academic year. The next two, held in 2012-13 and in 2013-14 were focused on calculus only, as a result of intense interest by math faculty. The first calculus-focused FLC was different than other FLCs that had been supported and differed from FLCs described in the literature in important ways. Because it involved faculty from a single discipline focused on a single course, the line between individual course-based teaching projects and a collective effort to improve a multi-section course was blurred. This is reflected in the goal that participants crafted for themselves:
The purpose of this FLC is to explore and experiment with strategies at both the individual and institutional level in order to make recommendations about:
1. practices that will substantively impact student learning and success in calculus 2. structures within which these practices can occur Throughout the experience, the community held in tension the practice of a "traditional" FLC, in which the focus was on mutual support of individual projects and exploration, and that of a group focused on consensus-driven, deliverable changes to calculus. Teaching projects and pedagogical exploration were focused at the individual instructor/section level, with the FLC meetings spent discussing the projects and their ongoing results and assessment. At the same time, meetings enabled a collective exploration of course content (e.g., scope and emphasis of various calculus topics). Likewise, a decision was made in the second semester of the FLC to coauthor three questions that could be placed on all final exams, creating an opportunity to "try on" and de-brief the practice of common exams across sections. The FLC also allowed the group to place their exploration in the context of STEM student success at the institutional level. Despite the goals the group set for itself, no clear recommendations for common practices or institutional structures emerged at the end of this FLC. However, the seeds for the next step, the collaborative creation of a coherent calculus course, coordinated across sections, were planted.
Creating Coherent Calculus
In the 2013-14 academic year these two paths converged. The FLC structure was used to bring together a group of Calculus instructors with the concrete goal of delivering a multi-section calculus course with agreed upon common materials. This group was led and facilitated by the instructor who had developed the revised calculus content and related pedagogy. His course materials formed the starting point for adoption of a consensually agreed upon course structure.
Recruitment for the Coherent Calculus FLC took place in October of 2013 via email to 18 instructors who were either scheduled for a section of Calculus I for spring 2014 or known to be otherwise interested in this or similar projects. Several had already participated in one of the previous STEM or Calculus FLCs. Participants were offered a course reduction or an additional stipend for participating and were expected to dedicate ~4-5 hours/week across 20 weeks of the project. The recruitment email stated the objective:
The project] is about designing a Calculus I course that can be adopted by a reasonably large number of instructors with a high level of coherence. Ideally this means that all sections assign the same homework, all sections use the same quizzes and other assessments, all sections take the same or similar exams, and ---most importantly ---all sections are focused on the same learning outcomes and are using similar methods (pedagogy) to get there. [It is] loosely defined … since no such course design yet exists."
The recruitment email also detailed the expectations and commitments required of participants.
If you participate in [the project] your duties would be:  Teach at least one section of [Calculus I] in the spring of 2014.  As much as possible, conduct your section coherently with all the other participants in this
project. The extent to which this is possible is highly dependent on the next bullet item.  Join the course design and development team. The team will meet weekly, starting this semester and continuing until the end of Spring 2014. The team will be charged with designing, testing, and refining all of the homework and assessments that will eventually be the agreed upon course materials. It is expected that the course materials will be tested in your sections of Calculus I in the spring of 2014. The aim is to have something ready for potential broader use in the Fall of 2014.
The invitation was extended to instructors of all ranks. Six made the full commitment to join the design team: one tenured math faculty member (project lead), three full time lecturers, and two adjunct faculty. Four others (2 tenured and 2 lecturers) participated in peripheral roles, providing occasional input or feedback. The core group of six instructors had been assigned to 8 of the 13 sections of Calculus I in the spring 2014 semester. The design team convened in November of 2013 to begin work.
The task for the FLC was to agree on as many elements as possible for a common course structure that would be rigorously defined and locked in for all sections. The FLC quickly arrived at consensus on some key structural elements. They agreed to adopt a common syllabus that locked in specifications on grading, weighting of homework, quizzes and exams, final letter grade cutoffs, and typical policies. More importantly, they agreed to two critical principles of the course design:
 All sections would use identical homework assignments, both daily computer graded work and weekly instructor graded work.  All sections would use identical timing of homework. All dues dates were identical and synchronized to class start times for individual sections.
The agreement on homework and timing of due dates meant that the team would also be unified on the content and topics to be covered in every class session, because class sessions would necessarily be built around that day's homework.
They then began their most important task: agreeing on the exact homework exercises, and therefore the learning goals and content, for each individual lesson.
This was the critical element. The entire project is based on the principle that coherence and course coordination are best achieved by agreement on homework, which in turn creates a common understanding of the learning goals targeted by each homework assignment. The FLC took as a starting point the materials already developed by the project lead in previous semesters. These were debated, vetted, and revised as needed until the group was comfortable with the content. This level of detail was applied to the first five weeks of course material. At this point the group had to commit to the use of less carefully reviewed material, because the spring semester was about to start.
As a point of strategy, there was no explicit attempt to have all instructors adopt the same pedagogy or classroom practices. However, FLC discussions frequently turned to pedagogy, partly because the pre-existing course materials had been built with a particular model in mind but also due to professional interests of the FLC members. As implementation rolled out, all members of the FLC chose to adopt something similar to the model used by the lead instructor: class time devoted to solving problems, working in small groups, facilitated by lead instructor working with learning assistant (described earlier).
During the spring 2014 semester, while the FLC members were all teaching their courses, the weekly meetings continued. Approximately half of the time was spent on continuation of the process of examining and vetting remaining course material. All remaining time was consumed by logistical issues and in discussions of how to create, deliver and grade exams.
Most homework was computer graded with no instructor input or feedback. However, each week there was one written assignment graded by hand. All of these assignments were identical for all sections, but each instructor graded these independently. There was much discussion about the value and costs of attempting a standardized rubric. It was judged that the benefits were not worth the time and work required to come to such detailed agreement. Instead, each instructor used these assignments to define the expectations for written work that would be applied on their exams.
Instructors created separate exams. However, each exam cycle included a full review of every exam by every other FLC member. This review, plus the common base of homework and learning goals, led to a reasonable amount of similarity among exams. Instructors then graded their own exams.
One of the project goals was to build a structure that could be scaled up in future semesters. For the fall 2014 semester four of the six design team members were assigned Calculus I sections by the department chair. All chose to continue using the material and continue working as a team to refine the course. In the weeks before the fall 2014 semester all other instructors assigned to a Calculus I course were offered the option of opting into the common course structure. The offer was made with no conditions -so an instructor could simply take all of the developed material and modify it to suit their tastes. What actually happened was that every instructor (except for online and honors sections) chose to adopt all of the prepared material, all of the structure in the common syllabus, and some form of the active learning pedagogy. There were no extra incentives for this, so their decisions were presumably made on the basis of perceived intrinsic value. The result was a team of 8 instructors for fall 2014, four with prior experience from the FLC. The instructor pool was too large to have a regular common meeting, but the new instructors were able to find support and mentoring when needed by consulting with the returning instructors.
The Impact of Coherent Calculus
The impact of Coherent Calculus at Boise State University can be measured in several ways. Below we describe the impact of the project based on student success and from the perspective of students and faculty involved as seen from course instructor surveys completed by students and by surveys on the course completed by faculty who elected to participate in an anonymous survey. We also describe the impact on faculty and comment on the degree of institutionalization of the project. All data discussed below were collected and analyzed after the conclusion of the fall 2014 semester, so the described effects represent the impact of two semesters of Coherent Calculus. In order to further drill into student grades, an examination of course grades across six semesters was conducted. This included four semesters prior to the beginning of the project and two following the formal course coordination. Across the ten faculty who participated, six had taught Calculus I both before and after the transition, see Table 1 .
Student Success as Measured by Course Grades
The following observations are noted from this data. First, five out of six instructors showed marked increases in pass rate. The pass rate across all six instructors increased from a weighted average of 60.5% to 73.9%. Of particular note: the percentage of students earning A and B grades increased from 34.4% to 48.6%, an increase of 14.2%. Finally, the withdrawal rate decreased markedly, from 4.7% to 0.8%, a drop of 3.9%. Put in student numbers, for these 590 students following the transition, 23 more students persevered to complete the course with a passing grade than might have otherwise, and 84 more students received grades of A or B. 
Student Perspectives
After two semesters of implementation, participating faculty were invited as part of this study to share their student end-of-course evaluation results (see Appendix A for details). Of particular interest were comparisons of comments pre and post-implementation of Coherent Calculus. Of the ten instructors who participated in the Calculus project, four had no record of teaching calculus prior to their participation. Of the remaining six, three elected to have their comments included as part of the analysis for this project. For these three instructors, all had taught at least one semester of Calculus prior to the project, and two of the three had taught the Coherent Calculus course for two semesters. Fall 2014 (second semester after the project began in spring of 2013) to Fall 2012 or Fall 2013 comparisons were made. We were particularly interested in comments that would elucidate student responses to the significant changes in the course with respect to content focus and pedagogy. A thematic analysis revealed students comments in the following categories: WebAssign/homework, Pedagogy, Teacher, Learning Assistants, Exams, and Textbooks.
The overwhelming majority of comments centered around pedagogy. For most students, the opportunity to work in groups in a math class was quite different from what they would have experienced in the past. For example, while pedagogy was not mentioned in pre-Q1 responses, it was mentioned multiple times for two of the three instructors in post-Q1 (What was the most valuable aspect of the course). One student indicated: "Being led to connections of big ideas rather than told what they were…i.e. the instructor asked questions that would lead students to their own conclusions." Another mentioned: "Building understanding of larger concepts by gradually adding together many smaller concepts." Many others, for two instructors, described group work as being a valuable aspect (post): "I really learned the value of teamwork. I worked hard to get a good grade in class, but I wouldn't have done nearly as well as I did if it wasn't for the people I sat with and worked with everyday." Not surprisingly, many students also put comments about pedagogy under post Q2, barriers to learning experienced in the course. These all had a similar theme, describing discomfort with not being taught, or getting direct answers to questions. For example, "At times I felt like I wasn't being taught, I was just told to read the notes and learning goals." Or, "The instructor didn't really teach…it seemed like we taught ourselves." And, "A barrier I noticed was lack of time spent on actually learning the material…it seems that we spent most time just doing homework in class." One was particularly blunt: "I hate the workshop theory, let teachers lecture and pass on what they know. Quit asking students to "discover" the concepts." Some students were self-aware in terms of their own comfort level: "Sometimes I was frustrated that we didn't lecture longer rather than doing homework, but as the semester continued I kind of got used to it." The quantity of students who commented positively on pedagogy (post) (15) was approximately the same as those who commented negatively on pedagogy (post) (16) .
Pedagogy emerged again in terms of suggestions for improving the course (post-Q3) -a few students expressed a desire to have more lecture and less learning on their own: "Instruct the material in class instead of making the students figure it out on their own time." It was also mentioned by a few students in terms of post-Q4 which asked for any other comments: "This is the second time I've taken calculus and it was a lot easier to understand because of the way it was taught," and, "The whole concept of making the students figure it out on their own for this kind of class seems like it goes against the whole point of why we are taking this class and why I'm paying money for an instructor to teach the class when they don't actually teach the course material."
Only minor and typical comments were made about teachers (e.g. teacher availability, clarity, etc.), textbooks (waste of money, not used enough) and exams. One instructor received a few comments about their exams, with one student suggesting they use the standard ones from the department -indicating an awareness of students across sections that such an option was available.
WebAssign/homework was the only other significant emergent theme from student comments. Many students had been exposed to ALEKS, an online learning tool that provides very articulated example problems, and expressed a wish for WebAssign to include examples of how problems are worked, for example, "It does not adequately assist students in learning. There is no immediate feedback when doing assignments other than a right or wrong answer. This makes it very difficult to understand what you have done wrong." Complaints about WebAssign were numerous (N=13). One student however, remarked (post): "The homework was strangely satisfying and helped a lot with understanding topics."
These comments suggest that many students were aware of the pedagogical difference in terms of their classroom experience. That so many students remarked on pedagogy indeed indicates a significant shift had taken place. It is not uncommon for there to be resistance from students when there is a significant change in pedagogy from lecture format to a format where students are active in the classroom. [14] [15] [16] In the future, faculty in the project could be better supported to help students transition to this more active learning environment.
Interestingly, the analysis of course evaluations did not reveal any comments which indicate that students noticed or appreciated the shift in content focus. This is likely because most students didn't have any basis for comparison; they didn't know how it had been different before. It is also the case that the shift in content focus was eclipsed by the shift in pedagogy for most students in the course.
Faculty Perspectives
After two semesters of implementation, the effectiveness of the project from the perspective of the faculty involved was assessed as part of this study using a five-question survey conducted at the end of the fall 2014 semester (see Appendix A for details). Instructors were asked, "What motivated you to participate in the coordinated calculus project? Select all that apply. Select all that apply." Results are shown in Figure 3 . Most participants were motivated by an interest in exploring new teaching practices. Approximately half the participants were motivated by factors that related to connections with colleagues. Two colleagues indicated "other" responses: one deemed it politically wise to join, and one replaced an instructor who had originally been in the project.
When asked, "Did your participation in this project change your teaching practices in any significant way?" seven out of eight respondents indicated that it had. For respondents who answered "yes," they were asked, "Please describe at least one feature of your teaching practice that is different as a result of your participation." Six responded that they spent less time lecturing, with students spending time in class working on material on their own, e.g.: "Giving time in class for students to do more work and less just watching me do problems." One commented here about increased student engagement: "The collaboration opened up different ways to present the same material. The major effect is that more students are staying engaged in the class. I started with 26 students and 25 took the last exam. I expect all 25-26 to participate in the final exam." Importantly, the impact on pedagogy appears to extend beyond Calculus I, Figure 4 . When asked if participation impacted teaching practice in other courses, five instructors selected "As a result of the project, I have considered changes to my practices in other classes" and two faculty indicated "As a result of the project I have implemented changes in other classes." Only one respondent indicated that "Any changes were restricted to the Calculus course taught as part of the project. I have not changed my practices in other classes."
The next question asked, "In your opinion, was student engagement significantly different in your Calculus course, compared to your overall impression of student engagement in other courses you have taught?" Five out of eight respondents affirmed a significant difference. The follow on question asked "Please describe at least one thing that was different." Two instructors commented on aspects related to attendance: "Since work was being done in class I had better attendance because students saw a direct impact in attending class," and "This was different in the past where students didn't engage in classroom lectures, ask questions and eventually stopped showing up in class." Three respondents discussed aspects associated with working in class. One remarked, "By working in groups the students were able to discuss freely the concepts and algebraic simplifications. When they do it, they remember it. If I do it on the board, they have not gone through the whole thought process and often get lost." Another indicated: "They are actively working, not just trying to pay attention." Finally, "Some of the groups of students spent more class time reasoning through the material rather than listening and taking notes."
Taken as a whole these survey responses indicate that faculty in the project changed their teaching practices in Calculus, that they observed positive effects of this in their classrooms, that they took advantage of the FLC to learn from their colleagues, and that their experience with Calculus will have spillover impacts in their other classes. These conclusions are reinforced by one last survey question.
The last survey question inquired, "Were there any other benefits to participating in the calculus project?" All eight respondents answered in the affirmative and described these benefits, which are summarized in Table 2 . Better instructor interaction and student understanding. Group protection from student complaints. Better instructor interaction and student understanding. I think that the students who really bought into the program were able to reason through test questions better. They were better able to detect when they were making mistakes and had some ideas on how to fix them. Getting to know students on a more personal basis rather than just as a name...believe it helped with classroom interaction and participation.
Faculty Development and Institutionalization
The project had the specific goal of creating and delivering a multi-section course using common course materials. This was achieved. However, there were deeper institutional and faculty development goals, including the following -Shift the teaching culture to be accepting of the trade-off of autonomy versus common course material and common grading standards. -Shift the culture of practice from individual responsibility for single sections to teambased responsibility for a multi-section course. -Create and sustain conditions for regular exchange of ideas and practices between instructors. -Move faculty towards more active learning or student-centered pedagogy.
That we have moved toward the achievement of these goals is evidenced by the fact that in the two semesters following the project launch (fall 2014 and spring 2015) all Calculus I instructors have been invited to voluntarily join the team and to have their sections use common materials. So far 100% of instructors outside of online or honors calculus have opted in. Every new instructor has opted into every feature of the coherent course. Also, in the last two terms the common structure has moved to include some common exams in fall 2014, and entirely common exams in spring 2015.
Discussion and Summary
In summary, the project succeeded in creating a sustained culture of collaboration for the purpose of delivering Calculus I. It had significant impact on the pedagogy used in Calculus I and it had the spillover effect of shifting faculty teaching practices outside of Calculus I. The changes had a large effect on student success, including a profound impact on student success as measured by grades, as seen by an increase in pass rates, by an increase in the percentage of students receiving course grades of A and B, and by a decrease in withdrawal rates. The pedagogical emphasis on group work/collaboration, noted in student comments as being a "valuable aspect of the course," may have profound and long-term impact on student persistence and success in major, due to the increased student engagement with one another and a possible future outside-the-classroom effect on student behavior. 17, 18 It demonstrated a viable path to course transformation that does not rely on a top down command structure. We could have designated someone to coordinate and manage the course. That person might have enforced a common syllabus and grading policy, chosen an appropriate content focus and trained faculty in a particular pedagogy with requirements for their implementation. This paper describes an alternative strategy of cultivation, support and collaboration. It begins with a decision to agree on the homework. Next comes agreement on and definition of the skills and objectives that the homework is designed to deliver. This in turn gives definition to exams, grading practices, standards and course level objectives. Consensus on the higher level aspects flowed readily from the initial decision to agree on the homework. The end result was a significantly changed course that was consensually agreed upon and rapidly adopted by essentially all instructors without any coercion.
Future Work
While we view the positive outcomes as strong indicators of success, we also recognize that we must continue to attend to the sustainability of the project. We have identified a second faculty member who will share managerial workload with the original project leader. Together they can support instructors who come into the project. Additionally, we will continue to provide faculty development both through the department and through the Center for Teaching and Learning to be sure faculty have what they need to teach the Coherent Calculus. This will allow us to help faculty address areas of concern such as the fraction of students who perceive it would be better to be lectured to during class.
The Calculus I project scaled up more quickly and achieved wider buy-in than was initially thought likely. While this is a clearly positive development, it means that Calculus II is now an urgent priority. The same project lead, working closely with one member of the FLC team, is currently launching a Calculus II project with the same general plan but an accelerated time line:  Spring 2015: reframe and revise content.  Fall 2015: form an FLC to review and revise content, creating buy-in along the way.  Spring 2016: Launch a multi-section course.
Although the Calculus I project originated in a move away from the traditional course content, there is one clear advantage to the traditional content -when students move on the Calculus II their instructors will expect a traditional Calculus I background. While we are happy with the new Calculus I content as a self-contained course, there is a real possibility that it aligns poorly with the traditional Calculus II content that students encounter one semester later. We have recently begun building tools to measure the effects of Calculus I reform on Calculus II students, as well as other downstream courses. Future work will be informed by this data. This is likely to impact both the Calculus II content currently being built and to indicate areas where the Calculus I content can be strengthened. Finally, the coordinator and instructors of Calculus III and Differential Equations are becoming interested in the Calculus I and Calculus II projects, so there will be additional collaboration up and down the entire course sequence.
Awareness of the project has already spurred interest from those who teach outside the Calculus sequence. There are nascent efforts to apply the coordination model to Business Calculus and General Statistics. Two instructors of Linear Algebra have already run a course using common homework. And the group that oversees our multi-section Scientific Computing course is considering a similar approach. If successful, these efforts would achieve full coordination of the entire suite of service courses across every STEM or related discipline.
